Purposes
This talk is intended to celebrate the times just after the arrival of Slichter and Bardeen to Urbana, the ideas which arose in that era, and especially the young people who--like Charlie and his students--grew up then.
...... The NSF, in its wisdom, requires all of us who work with their money to stick to a two-fold set of purposes. Roughly speaking, our work has to have intellectual merit and also be good for somebody.
We can all feel sure that the work of the department in the era I shall describe, and most particularly the work of the two mythic figures, Charlie and John Bardeen, met these criteria. More important, these teachers set a high standard of decency, truth, and ethical conduct which we might wish to see more emulated in our present era. I started off with four daily classes of forty freshmen each and an advanced class of two students, which soon dwindled to one ... I was so unsophisticated that I could think of no finer job than to teach mathematics to freshmen. Until quite recently I thought that everybody was of the same opinion. It was a shock to me to learn that some think that there is a higher job.
1. From Charles S. Slichter, Science in a Tavern (Madison: University of Wisconsin Press, 1938 and 1966, pages 177-178 . Urbana, and especially John, David, and Charlie, were major actors in the development and interpretation of this theory, which was also beginning to emerge from the work of Landau (in Moscow) and others in Paris and New York. The experiment thus required for its construction and interpretation big chunks of theory. The highly interactive environment of Urbana was beginning to pay off.
5. Somebody might wish to write an essay about the words in our field: "stimulus", "response", "susceptibility", "excitation", "jamming", "frustration".... all technical words with specific meanings a little different from the popular ones.
In the meantime, ideas and accomplishments were boiling out of the Illinois condensed matter group.
The crucial idea of "elementary excitation" is that every solid contains rather simple stuff moving through it, for example electrons and sound waves. In this context, the sound wave is made up of bundles called "phonons"
6
. The next step, asked by Bardeen and Pines, is how to describe what happens when a phonon bumps into an electron. The answer is that the phonon might perhaps be absorbed, and the process is described by specifying the chance for absorption, in terms of what is called the "effective interaction" between the electron and the phonon. Bardeen and Pines calculated the effective interaction and emphasized its importance. This interaction forms the basis of the theory of Bardeen Cooper and Schrieffer, which comes up next.
6. That's as technical as I'm going to get in this talk.
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Superconductivity Theory
Bardeen, his postdoc Leon Cooper, and his graduate student Robert Schrieffer were working together on the correct description of superconductivity, a problem which remained unresolved for forty-five years. At very low temperatures some metals, including aluminum, have a very rapid change in their properties including an abrupt decline in their resistance to the flow of electrical current. John felt that this problem was truly worthy of his intellect and training. Urbana physics reached a high point in the superconductivity studies, and then continued on through several other very notable achievements. The two great ideas circulating through BCS and the other work of the period are: "elementary excitation" and "order parameter" (see below). John Wheatley in his work on Helium three and Bardeen, Baym, and Pines in their work on Helium three-four mixtures did especially elegant and important work on excitations. These works were respectively peaks of the experimental and theoretical arts.
My own Urbana work on phase transitions owes major debts to my Urbana environment. I built a theory on the notion that the system contained several different "elementary excitations" and "order parameters". The work was based upon the ideas of "effective interactions" which arose from the Bardeen-Pines study of the electron-phonon interaction.
"Elementary excitations" and "order parameters" also became the basis of the present day "standard model" which defines the field of particle physics. Charlie was and is right about puffery. Misleading statements are wrong. The highest standards of truth should apply to our papers, our proposals, our statements about the value of what we do. When we employ distortions of the truth to support our own work or to raise money for our science, then we are violating the trust which must be the basis of science and of our field's relation to the public. Instead we scientists should try to set a good example for the society at large. On a larger stage, when distortions of truth are used to win support for governmental policies, this is another violation of trust, and this violation weakens representative government. We have seen in our time the weakening of science, science's support, and our republic.
Paradoxically, while the 50s had very substantial unresolved and partially unexamined problems, it also had in many of its actors (like John and Charlie) the highest forms of idealism. This idealism included a very substantial effort to teach and apply high ethical standards. We celebrate the 50s (and the 60s), in part because these decades represent something now lost. We need to learn to say again "you cannot do that."
